Growth hormone (GH) release is pulsatile [1] . Serum levels of insulin-like growth factor-1-(IGF-1) and insulin-like growth factor binding protein-3(IGFBP-3) reflect endogenous GH secretion in healthy children, and their serum levels are relatively stable with modest diurnal variation. Thus, serum IGF-1 and IGFBP-3 are widely accepted for diagnostic use and for monitoring of therapy in growth disorders. IGF-1 is a small peptide hormone, over 99% circulating IGF-1 are bound to serum proteins including IGFBP-3 and the acid labile subunit. However, both serum IGF-1 and IGFBP-3 levels are regulated by age, sex, pubertal stage, genetic factors, social factors, nutritional status and disease [2] [3] Abstract. Serum levels of insulin-like growth factor-1(IGF-1) and insulin-like growth factor binding protein-3(IGFBP-3) reflect endogenous growth hormone secretion, and serum IGF-1 and IGFBP-3 values should be ethnic-specific, thus we established the reference ranges for serum IGF-1 and IGFBP-3 in Chinese children aged 6-18 yr according to age, sex, puberty stage and BmI. The study was included 837 children (age 6-18 yr, 416 boys and 421 girls) from different schools in daqing, Beijing and Shanghai. Serum IGF-1 and IGFBP-3 were determined by a chemiluminescent assay system (ImmuLITe 1000). The results show that IGF1 reached peak levels at around 13 yr in boys and 11 yr in girls while IGFBP-3 peaked at 14 yr in boys, and 11 yr in girls. Both IGF-1 and IGFBP-3 were at platform or decreased slightly after these ages. at each corresponding age, IGF-1 levels tended to be higher in boys compared to girls, while girls had higher IGFBP-3 levels than boys. a model for calculation of standard deviation scores of IGF-1 and IGFBP3 according to age, sex and pubertal stage was established. These normative data should facilitate child care, growth monitoring, clinical diagnosis and to follow up on GH treatment.
Reference Ranges for Serum IGF-1 and IGFBP-3 Levels in Chinese Children During Childhood and Adolescence SHaNSHaN Xu 1) , XueFaN Gu 1) , HuI PaN 2) , HuIjuaN ZHu 2) , FeNGyING GoNG 2) , yuFeNG LI 3) aNd yaNmeI XING 4) reports indicate that serum concentrations of IGF-1 and IGFBP-3 increase through childhood [3] [4] [5] [6] [7] . also, puberty produces significant increases in IGF-1 and IGFBP-3, possibly as a result of increased GH secretion mediated by sex steroids. on the other hand, timing of pubertal onset can be influenced by ethnicity, therefore the reference values of serum IGF-1 and IGFBP-3 should preferably be ethnic-specific and may not be simply adopted from other population. In this study, we established the reference ranges for serum IGF-1 and IGFBP-3 in Chinese children aged 6-18 yr according to age, sex, puberty stage and BmI.
materials and methods

Subjects Selection and Measurements
The study population was consisted of 837 children (age 6-18 yr, 416 boys and 421 girls) from different schools in difference provinces, including daqing, Beijing and Shanghai. all subjects have had a routine Endocrine Journal Advance Publication of age, sex, puberty and BmI on serum IGF-1 and IGFBP-3 concentrations. The relative importance of the variables was indicated by standardized coefficients β, which were calculated for each variable. p<0.05 was considered statistically significant. The statistical package SPSS 15.0 (SPSS, Inc., Chicago, IL) was used for the analysis.
results
Age dependence of serum IGF-1 and IGFBP-3 levels
Serum levels of IGF-1 and IGFBP-3 increased from early childhood into adolescence. In late puberty, IGF-1 and IGFBP-3 levels were maintained at platform or decreased slightly with increasing age. The serum IGF1 reached peak level around 13 yr in boys, and 11 yr in girls, just compatible to reported age of peak height velocity (table 1) . The general pattern of IGFBP-3 changes was similar to IGF-1 and increased with age (table 2) .
Sexual differences in IGF-1 and IGFBP-3
IGF-1 levels tended to be higher in boys compared to girls at the corresponding ages except for 9-12 yr when lots of girls had gone into early puberty. But the differences were statistically significant only in some pubertal ages (p=0.002 for age 9; p=0.025 for age 10; p≤0.001 for age 11, 13, 14; p=0.045 for age 16).
IGFBP-3 levels in girls are higher than boys at the same ages, and differences almost were statistically significant (p=0.004 for age 6; p≤0.001 for age 7, 8, 9, 10, 11, 12, 13, 15, 16, 17, 18 ; p=0.003 for age 14).
Effect of puberty on IGF-1 and IGFBP-3
Reference curves for serum IGF-1 and IGFBP-3 levels of each age, sex and puberty stage were determined and were constructed as 95% confidence intervals ( fig. 1, 2) . A prediction model for calculating the standard deviation scores of IGF-1, IGFBP-3 according to age in certain puberty stage was proposed (table 3, 4) . multiple linear regression analysis demonstrated that age, sex and puberty stage all have significant influences on serum IGF-1 levels. However, IGFBP-3 levels seemed only correlated with age in boys and girls (Table 5, 6 ).
BMI and serum IGF-1, IGFBP-3
Removed the confounding effects of age and puberty stage, BMI has no statistically significant effects on physical examination, and blood samples collected. Children with any of the following conditions will not be recruited into the study: chronic medical illnesses (e.g. hepatic, renal and heart diseases), tumor, acute infection within two weeks of the study, precocious or delayed puberty, and height or weight greater than ±2Sd from mean.
all subjects had their heights and weight measured in schools. Body mass index (BmI) was calculated as weight (kg) divided by height (m) squared. Puberty staging was determined by endocrinologist according to Tanner stage criteria, with focus on breast development in girls and testicular volume in boys.
The blood was drawn from an antecubital vein in the morning with subjects fasting. Sera were separated after centrifugation of coagulated blood and stored at -20°C until analysis. IGF-1 and IGFBP-3 assays were carried out using an automated chemiluminescent assay system (ImmuLITe 1000, diagnostic Products Corp., Los angeles, Ca, uSa).
This study was approved by ethical Committee of Xinhua Hospital affiliated to Shanghai jiao Tong university School of medicine. Informed consent was obtained from the parents of each child.
Statistical Analysis
data were presented as mean, ±1SD, ±2SD. IGF-1 and IGFBP-3 values above or below the detection limit were calculated as detection limit for the statistical analysis. IGF-1 and IGFBP-3 levels exhibited Gaussian distribution, and no transformation was required. T test was used to compare levels in boys and girls of the same age group. due to the different variances within the Tanner groups, a weighted linear regression analysis was performed, using weights equal to the reciprocal variance around regression lines for each combination of sex and Tanner stage of puberty. age-related regression lines and the corresponding 95% confidence intervals (equal to ±2Sd) were constructed for each sex and puberty stage. according to sex and Tanner stage, coefficients α(intercept) and β(slope) were used to determine the age-, sex-and puberty-corrected IGF-1 & IGFBP-3 levels based on the formula: y=β×age+α where y = IGF-1 or IGFBP-3 levels. The SdS of IGF-1 and IGFBP-3 were calculated as fol-
lows: SDS(IGF-1)=(IGF-1 value-y)/SD; SDS(IGFBP-3)=(IGFBP-3 value-y)/SD. multiple linear regres-
sion analysis was performed to evaluate the influence the normative data published before, serum IGF-1 high values occurred around 13-15 yr in girls and 14-16 yr in boys and IGFBP-3 peak level occurred from 13 yr to 15 yr in both sexes (Fig 3, 4) [4] [5] [6] [7] [8] [9] [10] 12] . In our study, IGF-1 peaked at 13 yr and fell thereafter in boys, while plateauing off after reaching peak at 11 yr in girls. These peak serum IGF-1 levels correspond to peak height velocity, implying that the significant increase in IGF-1 contribute to the accelerated bone growth in puberty. Such correlation between peak IGF-1 concentrations and peak height velocity has been reported [8] . The changes in IGFBP-3 were similar to IGF-1, peaked at 14 yr in boys and 11 yr in girls then fluctuated around the peak level with increasing age [11] . This trend has also been shown in some longitudinal studies [12] [13] [14] . serum IGF-1 and IGFBP-3 in both sexes (table 5, 6).
Discussion
In this survey, the reference values for serum IGF-1 and IGFBP-3 levels were established in a cohort of healthy Chinese children during childhood and adolescence aged 6-18 yr. agreeing with the data from previous studies for other populations including German, Trukese, Swedes, danes, and japanese etc [4, [6] [7] [8] [9] , our results also show that age, sex, and puberty stage were important factors for determining serum levels of IGF-1 and IGFBP-3.
Serum levels of IGF-1 and IGFBP-3 were low during early childhood, and increased with age, reaching peak values during sexual maturation. Review Endocrine Journal Advance Publication vergent effects of androgens [17] [18] [19] . apart from age and sex, puberty stage influenced serum levels of IGF-1 and IGFBP-3, probably because of the sex steroids-induced increase in GH secretion in the pubertal years [12, 20] . IGF-1 and IGFBP-3 varied with age within the same puberty stage. IGF-1 increased with increasing age in prepubertal children, but decreased with increasing age of children from puberty stage III (in boys) or V (in girls). It revealed that the older a child reached the final puberty stages, the lower IGF-1 levels. IGFBP-3 increased with in-IGF-1 and IGFBP-3 peak values in girls appear approximately 1-2 yr earlier than boys. It agreed with the observation that girls enter puberty earlier than boys, and hence have puberty growth spurt 1-2 yr earlier than boys. IGF-1 levels tended to be higher in boys compared to girls of the same ages, while IGFBP-3 levels in girls are higher than boys of the same ages as previously demonstrated in normal children [8, [15] [16] . It may be in line with that there are well known direct negative effects of estrogens on GH-regulated IGF-1 production with potentially di- Endocrine Journal Advance Publication multaneously. From this formula, we can calculate the standard deviation scores of IGF-1, IGFBP-3 according to age in certain puberty stage. a similar model has been proposed in several studies such as for Trukese population. using multiple regression analysis, we observed a strong relationship between IGF-1 and age, puberty stage, sex. However, only age but not puberty stage has significant positive effect on IGFBP-3. This creasing age till stage IV in boys. However, in girls, IGFBP-3 parameters increased with age in all five stages. These results have a little difference from previous reports [21] . It is possibly because of the judgment for puberty stage with different clinicians, and ethnic disparity.
In this study, we have developed a model that can be used in Chinese children for relating serum IGF-1 and IGFBP-3 levels to age, puberty stage, and sex si- Endocrine Journal Advance Publication the reference values of serum IGF-1 and IGFBP-3 may be different from different laboratories [23] . In our opinion, differences come from genetic background, nutritional status, and preanalytical influences like sample collection and storage, as well as differences between laboratories. Compared to published reference data, we reached the following conclusions: (1) Serum IGF1 reached peak level around 13 yr in boys, and 11 yr in girls. IGFBP-3 peaked at 14 yr in boys, and 11 yr in girls. This time is about 1-2 yr earlier than previous studies. after peak, IGF-1 and IGFBP-3 decrease slightly or maintain the levels on peak with increasing age. (2) IGF-1 levels tended to be higher in boys compared to girls at the same ages, while IGFBP-3 levels in girls are higher than boys at the same ages. (3) The impact might be explained that IGF-1 levels are more sensitive to GH regulation than IGFBP-3. and the impact of pubertal development is stronger on IGF-1 than on IGFBP-3. The multiple regression analysis showed that BMI has no statistically significant effects on serum IGF-1 and IGFBP-3 values in boys and girls. This result is in line with previous studies in healthy children [12, 15] . We concluded that height or weight have strong positive linear association with age, and when age variable is included in consideration, height, weight, or BmI would not increase the explanatory power of the models. In studies covering over-and underweight patients, body composition influences IGF-1 secretion was found in these patients [22] . despite using the similar methodology (eg. chemiluminescnet assays), even the same commercial kits, 
